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 Abstract 
Alia Lauren Khan (MS, Environmental Studies) 
Adapting to longer summers: Evaluation of the Relationship between Dissolved Organic 
Material, Nutrients, and Algal Species in Colorado Lakes and Reservoirs  
Thesis Directed by Dr. Diane M. McKnight 
Previous research has suggested that production of non-humic dissolved organic matter 
(DOM) can be directly related to chlorophyll-a concentrations in surface waters.  In recent years, 
increases in dissolved organic carbon (DOC) concentrations in surface waters have been 
documented in many northern temperate regions. The underlying processes and the effects of 
increasing DOC on aquatic ecosystems and drinking water quality are not fully understood.  The 
aim of this study was to expand upon the findings of the interactions between DOM and 
chlorophyll a concentrations in a lake in the Green Lakes Valley of the Colorado Rocky 
Mountains to over 30 lakes and drinking water reservoirs across the State of Colorado. Another 
goal was to gain insight into seasonal trends which could give be expanded to potential impacts 
of climate change.  One reason these relationships are important is that algal derived DOM has 
been documented as a precursor material to the formation of disinfection byproducts.   
Chlorophyll-a, an indicator of algal biomass, and algal species were identified using a 
Fluid Imaging Technologies FlowCam.  Two sampling strategies were used including a one-time 
sampling event of approximately 30 lakes/reservoirs during the month of July and August, at the 
height of the expected seasonal algal bloom, in order to increase the ability to characterize a 
relationship between DOC, chlorophyll-a, and algal speciation. The second sampling effort 
targeted 10 lakes/reservoirs where municipalities have located intakes, of which two are focused 
on in this study. These lakes/reservoirs were sampled biweekly from May through September 
2010.  Samples were collected near the surface (within the epilimnion) and were analyzed for 
chlorophyll-a, DOC, and algal speciation.  Results show that diatoms and cyanobacteria are the 
most abundant algal groups present.  The DOC and chlorophyll-a levels in the drinking water 
utilities were positively correlated.  DOC levels ranged from 2 to 4 mg/L and chlorophyll-a 
levels ranged from non-detectable to 5 ug/L.  For the 30 lakes, the DOC levels ranged from 2 to 
8mg/L and chlorophyll a levels ranged from less than 1 to 43 ug/L.   The relationship between 
DOC and chlorophyll-a levels in the 30 lakes were also positively correlated, as well as 
chlorophyll-a and TN.  Furthermore, the abunIIIdance of cyanobacteria, was also positively 
correlated to DOC levels.  The quality of the DOC was further studied through fluorescence 
indices.  The data obtained in this study could be used to help the Water Quality Control division 
(WQCD) of the Colorado Department of Public Health and Environment (CDPHE) develop 
nutrient criteria for the State’s reservoirs and lakes. 
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Introduction 
Maintaining adequate supplies of clean drinking water is vital to human health.  In recent 
years, documented rises in dissolved organic carbon (DOC) concentrations have been found 
across the northeastern US.  Technological advancements in water treatment allow us to remove 
and treat for a large amount of pollutants and pathogenic bacteria.  However, disinfectants such 
as chlorine can react with natural organic matter (NOM), mostly comprised of dissolved organic 
carbon (DOC), in source waters to create disinfection byproducts (DBPs), some of which are 
known carcinogens.  As for many states, Colorado is addressing the resulting challenges to 
ensure safe drinking water as a result of increased DOC and therefore DBP levels.   
Prevention of the byproducts formation  is possible by removing DOM prior to 
chlorination, but this approach is often demanding and costly for drinking water utilities.  
Furthermore, because DOC levels have been directly correlated to the formation of chlorinated 
disinfection by-products, prevention of elevated DOC levels pre-treatment could be more 
efficient and cost effective for drinking water utilities.  Thus, protecting lakes and reservoirs 
which serve as water storage for water utilities from excess nutrient loading as a result of 
wastewater treatment effluent released upstream, could be of particular concern due to resulting 
increases in algal growth, a large microbial source of DOC.   
Although the relationship between DOC and DBPs is well documented, characterization 
of the relationship between varying DOC qualities (such as terrestrial versus microbial sources) 
to DBP formation is not yet fully understood.  In order to address this pressing issue, the 
Colorado Department of Public Health and Environment (CODPHE) conducted a High Quality 
Water Study to assess the impact of algal growth in Colorado lakes and reservoirs to the 
formation potential of disinfection byproducts in the summer of 2010.  During the summer of 
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2010, approximately 28 lakes were sampled during July and August, at the height of the 
expected seasonal algal bloom, and 10 other drinking water reservoirs were sampled biweekly 
from May through September 2010.   The University of Colorado – Boulder was contracted to 
complete the chemical analysis of the water samples.  Chlorophyll-a, an indicator of algal 
biomass, was used to assess the relationship between algal concentrations and formation 
potential of disinfection byproducts.  The data obtained from this study have been used by the 
Water Quality Control Division of the CDPHE to develop and implement new regulations on 
nutrients standards for Colorado lakes and reservoirs.   
 
Dissolved Organic Matter 
Dissolved organic matter (DOM) is found in all natural waters and is composed of by-products, 
degraded materials, and residues from plant, animal, microbial, and fungal origins (Leenheer et 
al., 1994).  DOM contains breakdown products of pigments, carbohydrates, lignin, cellulose, 
lipids, sterols, and proteins (McKnight et al., 1998).  DOM is approximately fifty-percent organic 
carbon by weight with oxygen and hydrogen being the other dominant elements.  Recent 
increases in dissolved organic carbon (DOC) concentrations in surface waters have been 
documented in Europe and North America over the last two decades (Clark et al., 2010).  Their 
effect on aquatic ecosystems is not yet fully understood (Miller et al., 2009).  (Monteith et al., 
2007) demonstrated a trend of increasing DOC concentrations in northern temperate surface 
waters associated with recovery from acidification.  Several hypotheses to explain increasing 
DOC trends have been put forth, including long-term change in the chemistry of atmospheric 
deposition that has been recorded across many areas as a result of decreases in anthropogenic 
pollutants (Clark et al., 2009, Sanclements  et al. 2012).   
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Biogeochemical processes taking place in aquatic ecosystems and the surrounding 
terrestrial environment influence the chemical quality of DOM (Miller et al., 2010).  These 
processes are then influenced by seasonal changes in climate as well as alteration of land-use 
characteristics and hydrologic flow paths (Miller et al., 2010; Hood et al., 2003; Larson et al., 
2007; Jaffe et al., 2008).  The chemical quality of DOM can influence its reactivity such as metal 
binding (Miller et al., 2010; Yamashita and Jaffe, 2008) and in electron transfer.  However, there 
is a need for greater understanding of the connection between DOM quality and reactivity, the 
processes driving the trends of increasing DOC concentration , as well as the potential 
relationship of these increases to ecosystem processes and drinking water quality (Miller et al., 
2010).  In an alpine catchment, (Hood et al., 2003), found that DOM with high fulvic acid 
content was flushed into the lake during spring snowmelt; whereas during the summer 
phytoplankton bloom, DOM was produced within the lake and the fulvic acid content decreased 
(Miller et al., 2010). Furthermore, (Miller et al., 2010) demonstrated that DOM quality is highly 
variable on a seasonal timescale in alpine lakes, and is strongly influenced by snowmelt 
processes early in the summer.  Then, as the summer progresses, the dominant DOM pool 
changes from allochthonous sources to autochthonous sources.  Furthermore, the production of 
labile DOM during peaks in primary productivity has been observed in the Arctic Ocean (Miller 
et al., 2010; Davis and Brenner 2007).   
Dissolved organic carbon is one of the largest pools of organic carbon in most aquatic 
environments and thus plays an important role in both biological and physical processes in these 
systems (Hood et al., 2003).  The transport and fate of DOM in aquatic systems is determined by 
local patterns of precipitation, biological, and physical interactions, runoff, and river discharge 
(Hood et al., 2003, Hope et al., 1997).  Despite the existence of numerous DOC export budgets 
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for rivers from a diversity of environments (Hood et al., 2003, Aitkehead and McDowell 2000), 
the chemical character of aquatic DOC and how it is influenced seasonally, longitudinally, and in 
response to extreme events has been studied in relatively few watersheds.   
Miller et al. (2009) found that in nutrient enriched lakes, algal derived DOM was 
produced.  As mentioned earlier, the DOC load in aquatic ecosystems is a mixture of organic 
material derived from the soils and plants of the surrounding catchment (allochtonous) and from 
within the aquatic system (autochthonous).  Allochthonous DOC is typically comprised of fulvic 
acids and highly colored (Hood et al., 2010, Thurman et al., 1985), whereas autochthonous DOC 
is derived from algal and bacterial biomass in aquatic systems and is characterized by a lower 
fulvic acid content and C:N ratio (Hood et al., 2003, McKnight et al., 1994).  Fluorescence 
spectroscopy has become an established tool to identify the source matter of DOM (McKnight et 
al., 2001).  A higher fluorescence index (FI) is indicative of a more microbial source and a lower 
FI represents terrestrial matter.  For example, Lake Fryxell of Antarctica is void of vegetation or 
terrestrial input and has a high FI (1.75) whereas the Suwannee River, which is surrounded by 
forest has a low FI (1.25).  
Importance of DOM quality in Colorado Lakes and Reservoirs 
In recent decades, drinking water utilities are being faced with the challenge of treating 
source waters that have increasing levels of DOM (Beggs et al., 2009).  This increase in organic 
matter can present problems to utilities treating with chlorine, the most common disinfectant 
used, as well as bromine.   The disinfectants react with a portion of the DOM to form 
halogenated organic compounds, also known as, disinfection by-products (DBP’s), some of 
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which are potentially carcinogenic (Beggs et al., 2009).  Previous studies such as Kraus et al 
(2011) found that algal production of DOM is an important source of DBP precursor material.   
Water reservoirs in Colorado allow utilities to optimize supply during the spring 
snowmelt, protect for drought, and meet peak demands the rest of the year.  However, the storage 
of water can affect the quality of the water being retained.  Croue et al (1999) found that 
processes that affect DOM quality and quantity in reservoirs can impact the amount of DBPs that 
form during water treatment.  Production, transformation and loss of DOM occurs 
simultaneously in reservoirs and the change in composition affect DOM reactivity in regards to 
DBP formation potential (Kraus et al 2010).  Kraus et al (2010) found there was a net source of 
DOC in summer due to algal production and that it was an important source of DBP precursors.  
Furthermore, the same study found that reservoirs have the potential to lessen DOM amount and 
reactivity in regards to DBP precursors via degradative processes, but the benefits are drecrased 
or even negated by the production of algal-derived DOM.   
The lability of DOM is thought to vary with age, with younger, relatively unaltered 
organic matter being more easily metabolized by aquatic heterotrophs than older, heavily 
modified material (Hood et al., 2009).  Hood et. al (2009) characterized stream water DOM from 
11 coastal watersheds o the Gulf of Alaska that varied widely in glacier coverage (0 - 64percent) 
and found that in contrast to non-glacial rivers, the bioavailability of DOM to marine 
microorganisms is significantly correlated to increasing 
14
C age of the DOM.  They found the 
most heavily glaciated watersheds are the source of the oldest and most labile DOM (Hood et al., 
2009).  Although these research questions may be most relevant to other parts of the Arctic such 
as Svalbard, northern Russia, and Franz Joseph Land, these findingscould also have implications 
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for Colorado since much of the source water comes from spring snowmelt which mobilzes DOM 
from the upper soil horizons in alpine and sub-alpine watersheds.      
Phytoplankton Succession in Colorado Lakes and Reservoirs 
Phytoplanktons are algae suspended in the water column and transported by currents (Allan and 
Castillo 2007).  Identification of phytoplankton species and relative abundances can help 
understand the drivers of the phytoplankton dynamics and chlorophyll levels aiding in further 
understanding for protecting source water quality in lakes and reservoirs.  In this study the most 
abundant species found were diatoms, green algae, and cyanobacteria, which may be 
representative of the range of phytoplankton communities occurring in Colorado.  Diatoms are 
unicellular organisms which grow their own silica frustule cell wall and can exist in a variety of 
forms such as single cells, filaments, and colonies.  Cyanobacteria, also referred to as blue-green 
algae, are prokaryotic, unicellular organisms that can grow in long filaments, as well as single 
cells.  Filamentous formsalso have the ability to fix their own nitrogen by forming heterocysts.  
Green algae, also known as chlorophytes, are eukaryotic unicellular organisms.   
 In temperate regions, phytoplankton grow in a series of blooms or pulses dictated by 
seasonal changes in light availability, as well as temperature and nutrients.  In spring, the first 
blooms are sparked by an increase in sunlight.  Over the course of the summer, there is a 
seasonal spike in July and August.  Phytoplankton growth wanes in the autumn as the light 
begins to decrease and nutrients are depleted.  In alpine regions, phytoplankton growth is 
dictated by relatively shorter growing periods due to increased ice cover and therefore decreased 
sunlight accessibility.  Therefore, growing seasons are shorter for alpine lakes than for temperate 
ones (Goldman and Horne 1983).  
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 Annabeana, a genera of blue-green algae (also referred to as cyanobacteria) which 
dominates the samples in this study, does well in warm lakes in the summer.  Over the winter, 
they become dormant forming spores.  Species of Annabaena grow slower than diatoms at low 
temperatures.  However, in the summer when temperatures increase, they divide much faster.  
Furthermore, planktonic blue-green algae dominate the summer and fall plankton because they 
can regulate the depth at which they grow at by production and collapse of gas-filled vacuoles.  
They are therefore able to float near the surface when necessary, which shades out competing 
algae.  Also, large colonies of these blue-green alga rise and sink much faster than single 
filaments, providing a positive feedback to their growth rate (Goldman and Horne 1983).   
Ice Cover impacts on DOM  
The chemistry of temperate lakes is strongly influenced by climatic conditions, most 
directly through ice-cover and freeze-up of stream inflows that isolate lakes from allochthonous 
inputs, such as atmosphere oxygen, for seven to eight months of the year (Clilverd et al., 2009). 
Furthermore, lower temperatures and decreased solar radiation due to the formation of ice-cover 
and accumulation of snow are less favorable to phytoplankton growth.  Thus, earlier ice out 
enables increased algal activity and algal derived DOM production due to longer high light 
intensities in the water column.  These conditions also promote opportunities for photo 
oxidation, under warmer temperatures.  As was found in Miller (2009), in the Green Lakes at 
Niwot Ridge, chlorophyll levels peak in the summer after annual ice-out.   
According to a study on the chemical and physical controls of oxygen of ice-covered lakes and 
reservoirs in Alaska, lakes with low DOC concentration (<6mg/l), showed stronger resilience to 
change in chemistry over the winter (Clilverd et al 2009).  These investigators also showed that 
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lake depth is also a key factor in this process (Clilverd et al., 2009).  Longer summers and 
warmer temperatures, resulting from climate change, have the potential to create longer growing 
seasons.  Thus, in a warming, more variable climate, earlier ice-out could lead to increased algal 
activity over the summers, increasing algal DOM loads, which can have further implications on 
DBP production, the focus of the CODPHE study.     
 Why use Fluorescence to characterize DOM? 
The biogeochemical composition of DOM is strongly influenced by its biogeochemical role in 
freshwater ecosystems.  However, DOM quality measurements are not regularly incorporated in 
ecological studies. As of now, most freshwater ecosystems studies have relied on bulk analyses 
of dissolved organic carbon and nitrogen concentrations for information on DOM cycling. A 
limitation with this approach is the biogeochemical significance of DOM can only partially be 
explained by bulk analyses because they cannot detect most transformations of organic species. 
Recent advances in fluorescence spectroscopy provide an alternative and more robust approach 
to characterize aquatic DOM.  These approaches also enable rapid and precise characterization of 
DOM which is necessary to trace DOM dynamics (Fellman 2010).  
Cory and McKnight (2005) established a parallel factor analysis model (PARAFAC) 
which established 13 component fluorophores, which were applied to this study.  The 
Fluoresence Index (FI) McKnight (2001) is on a scale of 1.2 to 1.8 with a higher value being 
more indicative of a more microbial source versus a terrestrial one.  Furthermore, electron 
shuttling ability of fulvic and humic acids have been attributed to quinone-like moieties which 
are a class of biomolecules in extracellular material of living cells and detritial organic material.  
Quinones can cycle between three redox states: oxidized, semi-quinone radical, and the reduced 
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state.  Within all cells, including microbial cells, quinones can shuttle electrons and are moieties 
in pigments.  Quinones can also be produced by lignin oxidation (Cory and McKnight 2005).  In 
this study, several of the common fluorophores found in fluorescence spectra of DOM and 
indices are used as indicators of the DOM quality, % Protein, Redox Index, and Fluoresence 
Index.  %Protein gives an indication of the contribution of amino acids containing material 
present.  The redox index explains the percent of oxidized versus reduced quinines based on 
assignment of common fluorophores, and the fluorescence index characterizes the source of the 
DOM as more terrestrial or more microbial  
Hypothesis  
The study conducted for this thesis focused on the following hypothesis: Lakes with more 
abundant algae will have DOM quality indicative of microbial sources.   
The larger scope of this study was to investigate the effects of algal growth on DOM in a suite of 
Colorado lakes as part of Colorado Department of Public Health and Environment – High 
Quality Water Supply Study to evaluate DOM quality as precursor material for the formation of 
disinfection byproducts.  A simplified view of the precursor material is below.   
10 
 
Algal Species
Terrestrial Input
Dissolved Organic 
Material
Chlorination
Disinfection 
Byproducts
Chlorophytes
Cyanobacteria
Diatoms
Algal Species identified and 
enumerated with a FluidImages
FlowCAM.
DOM quality evaluated by 
f luorescence index (FI)
 
Chapter 2 Materials and Methods 
Field Sampling  
In the summer of 2010, the Colorado Department of Public Health and Environment (CDPHE) 
conducted a High Quality Water Supply study to assess the impact of algal growth in Colorado 
lakes and reservoirs on DOC concentrations and the potential to form DBPs.  Twenty-eight lakes 
were sampled during July and August, at the peak of summer stratification, and 10 other drinking 
water reservoirs were sampled biweekly from May through September 2010.   The field 
collection of the 28 lakes was completed by CDPHE staff. The sampling at the ten utilities was 
conducted by staff at the respective utility.  1000 to 1500mL of water was collected and filtered 
on 0.7um glass fiber filters for chlorophyll-a analysis.  500mL surface grab samples were 
collected and preserved with Lugols for phytoplankton analysis.   
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Figure 1: Distribution of the 28 lakes sampled across the state of Colorado, along with Boulder Reservoir 
and Standley Lake of Westminster.  The lakes span across a wide range of  latitudes, longitudes and 
altitudes.  The lakes also vary in area, capacity, physical properties, and source waters which could 
influence terrestrial input as well as nutrient loading.   
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Table 1: Summary of geographical characteristics of lakes and reservoirs studied. 
 
 
 
 
 
SiteID Location 
Date 
Sampled Area 
Capacity 
sq. ft  
SECCHI 
(m) LATITUDE LONGITUDE ALTITUDE 
 
AC Adobe Cr 7/19/2010 5147.0 62000.0 0.7 38.3 -103.2 1234.9 
AN Antero 8/12/2010 1930.0 15880.0 4.0 39.0 -105.9 8904.5 
BD Boulder Time Series 530.0 13300.0 1.5 40.1 105.2 5173.0 
BR Barr 7/15/2010 1760.0 32150.0 0.6 40.0 -104.8 1536.8 
BE Bear Creek 7/15/2010 110.0 1870.0 3.2 39.7 -105.1 5516.4 
BM Blue Mesa 7/27/2010 9200.0 829600.0 4.5 38.5 -107.3 2278.4 
CR Carter 7/27/2010 1100.0 113500.0 5.0 40.3 -105.2 5763.0 
CH Chatfield 7/15/2010 1429.0 27428.0 NA 39.6 -104.9 5432.0 
CC Cherry Creek 7/16/2010 845.0 12805.0 NA 39.6 -105.1 5550.0 
EM Elevenmile 8/12/2010 3405.0 97779.0 5.1 38.9 -105.5 8542.6 
FG Fruitgrowers 7/28/2010 476.0 4540.0 0.6 38.8 -108.0 1657.0 
GB Granby 7/29/2010 7300.0 465600.0 NA 40.2 -105.9 8285.0 
GR Grand 7/30/2010 480.0 60000.0 NA 40.2 -105.8 8372.0 
HE Henry 7/19/2010 1100.0 8000.0 0.3 38.3 -103.7 4300.9 
JK Jackson 7/29/2010 2600.0 26100.0 0.8 40.4 -104.1 4371.4 
JM John Martin 7/20/2010 17875.0 616000.0 0.6 38.1 -102.9 3737.9 
JB Jumbo 8/16/2010 1703.0 20500.0 0.6 40.9 -102.7 3705.0 
LT Lonetree 7/27/2010 536.0 9270.0 2.5 40.3 -105.1 4065.0 
NS North Sterling 7/29/2010 3080.0 109000.0 1.5 40.8 -103.3 4002.0 
PW Prewitt 8/16/2010 2430.0 28840.0 0.5 40.4 0.0 4088.0 
RW Ridgway 7/28/2010 1000.0 83000.0 2.7 38.2 -107.8 2077.5 
RC Road Canyon 8/11/2010 140.0 NA 1.9 37.8 -107.2 9240.8 
SK Skaguay 8/19/2010 115.0 3678.0 4.0 38.7 -105.1 2706.7 
SC Stagecoach 8/23/2010 720.0 33300.0 2.9 40.3 -106.8 7159.4 
SB Steamboat 8/24/2010 1000.0 23000.0 2.0 40.8 -107.0 7998.4 
SZ Sweitzer 7/28/2010 135.0 1330.0 1.8 38.7 -108.0 1551.3 
TQ Turquoise 7/26/2010 1800.0 129400.0       4.0 39.3 -106.4 2995.7 
TE Twin East 7/26/2010 2270.0 54450.0 4.0 39.1 -106.3 2794.0 
WM Westminster Time Series 1230.0 42380.0 4.0 39.9 105.1 5509.0 
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Sample Receipt 
As soon as samples were delivered to the University of Colorado, they were refrigerated at 4°C.  
The chlorophyll samples of filters were kept frozen and placed directly in a freezer.  Samples 
that are sensitive to light were collected and stored in glass amber bottles.  All glassware was 
purchased pre-cleaned or pre-combusted in a muffle furnace.  
Sample Preparation 
 Within 48 hours of receipt, samples that were to be analyzed for water quality, organics, and 
disinfection byproducts were filtered through 0.7 micron pore size glass fiber filters (GFF).  
GFFs were muffle furnaced at 550°C for 3 hours prior to filtering.  A 40mL aliquot of raw water 
was poured off for TOC analysis prior to filtration.  A portion of the filtered sample was also 
filtered on 0.45 micron pore size polyethersulfone (PES) membrane filters which were pre-rinsed 
with 800 mL of Milli-Q water to prevent leaching of carbon into the samples.   
Sample Analysis 
TOC and DOC were measured following Standard Method 5310 C using Persulfate-Ultraviolet 
Oxidation.  Standards and blanks were run during each analysis and resulting calibration curves 
were applied.  Standards were diluted from a Potassium Hydrogen Phthalate (KHP) stock 
solution.  For specific UV absorbance (SUVA), a Cary 100 spectrophotometer was used to 
measure ultraviolet absorbance at 254 nm on 0.45 filtered samples.  Using a 1 cm quartz cuvette, 
samples were measured at room temperature.  Every ten samples the instrument was zeroed 
using Milli-q water blanks. 
14 
 
Nutrients were measured at the KIOWA lab at the Institute of Arctic and Alpine Research.  
Nitrate and nitrite were analyzed with an OI Analytical Flow Solution 
IV Spectrophotometric Analyzer.  Total Nitrogen was measured by a Shimadzu TOC-V CSN 
Total Organic Carbon Analyzer and Ammonia was measured using a BioTek Synergy 2 Multi-
Detection Microplate Reader.  Total Phosphorous was measured using a 
Lachat QuikChem 8500 Spectrophotometric Flow Injection.   
Chlorophyll-a, an indicator of algal biomass, was used to assess the relationship between algal 
concentrations and DOC concentrations.  Chlorophyll-A concentrations were measured using a 
fluorescence method with acetone extraction.  Pure chlorophyll-A was purchased from Fisher 
Scientific.  Accurate dilutions were analyzed for a 1 to 1 calibration curve and a linear 
calibration factor between a UV-Vis Spectrometer and a Fluoromax 2 (F2).  The fluorescence 
method was used due to higher sensitivity than the UV-Vis Spectrometer method.  3mL aliquots 
were measured on the F2 and were corrected for phaeophytin through acidification.   
Concentrations were determined using the following formula (Wetzel, R. Likens, G. 
Limnological Analyses, Third Edition): 
Chl-a(ug/L) = ((F)(r/r-1)(Sb-Sa))*(V1/V2) 
F = linear calibration factor between UV-Vis Spectrometer and Flouromax-2. 
r = Sb-standard /Sa-standard  
Sb = Single Wavelength Excitation Signal before acidification 
Sa = Single Wavelength Excitation Signal after acidification 
V1 = Volume of Acetone (15mL) 
V2 = Volume of sample filtered (varied by utility and by sample).  
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DOM Fluorescence 
Water samples were analyzed on a Fluoromax 3.  The Fluoresence Index (FI) McKnight (2001) 
was applied to understand whether the source was more terrestrial or microbial.  The FI index is 
on a scale of 1.2 to 1.8 with a higher value being more indicative of a more microbial source.  
Due to the large amount of information contained in an Excitation Emission Matrices (EEMs), 
the Cory-McKnight Parallal Factor Analysis Model (PARAFAC) model was used to quantify the 
loading and relative distribution of.  Three are used in this analysis, % Protein, Redox Index, and 
Fluoresence Index.   
Phytoplankton  
During the field sampling, additional surface grab samples were taken and preserved with 
Lugol’s, an iodine based solution, for phytoplankton identification and enumeration with a Fluid 
Imaging Technologies FlowCAM®.   Funding from the Colorado Water Research Institute 
supported the development of a protocol to analyze the phytoplankton samples.  Unlike 
traditional microscopy, the FlowCAM® enables rapid monitoring of particles in fluid by 
combining flow cytometry with microscopy.  Flow cytometry is the process of quantifying and 
phenotypically identifying cells suspended in a fluid by passing them through a laser beam and 
capturing the amount of light which is scattered by every particle.  The FlowCAM® 
automatically counts and images each particle, while also evaluating characteristics of the digital 
image, such as shape and intensity.   Such imaging microscopes are becoming used more 
frequently by water treatment plants in order to monitor algal activity in source water lakes and 
reservoirs, such as invasive species.  
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First, 150mL of the 500mL grab sample was transferred to a settling tube for 24 hours.  
Next, 130 mL of the sample was aspirated from the top of the sample in order to not disturb the 
settled particles.  The sample was then transferred to a 50ml centrifuge tube.  If the sample 
looked visibly cloudy, it was filtered with a 100um mesh net to avoid clogging in the flow cell.  
The 10X objective was used with a 100um flowcell.  Acetone was run for five minutes to clean 
the flowcell and tubing.  The FlowCAM® was then focused using a small volume of spare 
sample.  A 2mL of sub-sample was then run through the FlowCAM®.  After the sample finished 
running, image library files were made through the interactive data platform, and sorted based on 
image characteristics associated with each of the dominant algal species.  The number of each 
species was counted, and the average biovolume for each species was noted, along with total 
particle counts for each sample.  Analysis of the phytoplankton using the FlowCAM® was 
conducted to understand the statistical relationships between the phytoplankton species, 
chlorophyll-a, nutrient levels, physical characteristics of the lake, and DOC concentrations. 
 
 
Chapter 3 Results  
Overview 
The results are presented in four sections.  Firstly, the nutrient and DOM quality and biomass 
(chlorophyll a) data from the one-time lakes sampling are assessed. This analysis does not 
include the phytoplankton species data.  The second part examines the time series data for water 
quality and biomass from Boulder Reservoir and Westminster Reservoir. These analyses also do 
not include phytoplankton information.  For both of these sections, there is a series of analyses to 
understand the relationship between DOC concentration and DOM fluorescence, specifically FI.   
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The third and fourth sections focus on the identification and enumeration of phytoplankton 
species from the Fluid Images FlowCAM.  This analysis emphasizes the most abundant algal 
species, which were found to be cyanobacteria, diatoms, and green algae. Rotifers were also 
quantified because they are herbivores in the microbial community which graze on the algae and 
can control their abundance.  These data are represented as %Biovolume = #counted per species / 
total particle counts.  The counts were multiplied by the average biovolume , calculated by the 
FlowCAM.  . 
The third section focuses on the one time lakes sampling building upon the DOC and FI 
relationships, including phytoplankton enumeration from the Fluid Images FlowCAM.  The last 
section looks at phytoplankton data from Boulder and Westminster Reservoirs in comparison to 
the DOC/FI data.  For both sections %Biovolume of the most abundant species and DBP species 
HAA5 and TTHMs are analyzed.   
The first analysis of each section includes all variables analyzed for the study in a Principle 
Component Analysis (PCA) in order to understand the relationships, correlations, negative 
correlations, and non-correlated variables.  The second step analyzes for relationships between 
the FI components (RI, %Protein and FI) with DOC levels.   Of the variables that look 
significantly correlated, linear regressions were applied.  In the third and fourth sections, specific 
algal groups and FI components are compared to understand if there are trends in specific algal 
species driving the algal derived DOM.  Kraus et al (2011) confirmed that algal-derived DOM is 
more reactive in forming DBPs. Finally, algal species and DBPs are analyzed with a PCA, 
followed by linear regressions of correlated variables.  Here we can assess whether the 
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relationships between algal species and DBPs are stronger or weaker than the direct relationships 
of FI and DBPs.   
Summary of the datasets: For the 28 lakes, the DOC levels ranged from 1.5 to 8 mg/L and 
chlorophyll a levels ranged from 0 to 43 ug/L.   The relationships in the 30 lakes showed the 
expected trends, particularly higher chlorophyll-a levels associated with higher DOC levels, as 
well as TN and percent biovolumes of phytoplankton.  The DOC levels in Boulder and 
Westminster Reservoirs were much lower, ranging from 1.8 to 3.8mg/L and chlorophyll-a levels 
ranged from non-detectable to 5 ug/L.  Results from phytoplankton analysis shows that 
cyanobacteria, diatoms, and green algae are the most abundant algal groups present.  In the 
samples with the highest chlorophyll a and DOC, concentrations the phytoplankton community 
was dominated by filamentous cyanobacteria.  The results from the study were analyzed with 
principle component analyses (PCA) and further direct linear regressions.  PCA is a statistical 
tool to find patterns in data of high dimensions (Smith  2002).   
One Time Lakes Sampling   
Table 2 summarizes the dataset for the lakes, grouped by DOC range.  Lakes that fall into the 
high DOC range were Jumbo Reservoir, Jackson Reservoir, Prewitt Reservoir, Road Canyon 
Reservoir, Greely Seamen, Barr Reservoir, and Fruit Growers Reservoir.  These lakes also 
contain high TN levels, thus they are potentially influenced by wastewater effluent.  In this data 
set, higher DOC values have been linked to higher chl-a values (Hohner 2011).  A higher FI 
value is indicative of more microbial input (McKnight 2001).  In addition, SUVA values were 
lower which often correlate to a more microbial FI.  Also, lower DOC values can be associated 
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with lower RI values due to greater light penetration allowing for more photo-oxidation of the 
DOM.  
Table 2: Summary of 28 Lakes Data organized by DOC concentration 
DOC 
mg/L 
#  of Lakes Chl-a ug/L SUVA FI 
1.0 – 1.9 
% Protein RI (1.0-1.9) 
1.5 – 4.0 11 0.28 – 2.91 1.58 – 3.1 1.28 – 1.45 .05 - .23 1.34 – 1.45 
4.0-6.0 7 0.7 – 27.92 1.29 – 2.51 1.38 – 1.54 .05 - .16 1.38 – 1.57 
6.0-8.1 7 8.17 – 43.45 1.12 – 3.16 1.35 – 1.63 .07 - .11 1.35 – 1.63 
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Figure 1: PCA exemplifying DOC relationships to FI components.   
 
In the PCA for the lakes dataset (Fig.1), 57% of the variation is explained by principle 
component 1 (PC1) and 25% is explained by PC2.  DOC, Chl, and TN are highly aligned with 
PC1, along with FI, supporting the notion that microbial sources are driving DOM quality.  The 
length of the arrow signifies the importance of a given parameter in explaining the variation 
associated with a given component.  More acute angles represent a positive weighting on a given 
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axis and obtuse angles represent negative weighting.  Right angles mean there is little 
contribution to the variation explained by a given component.   
There is an inverse relationship between % Protein and RI, as are SUVA and FI, as well as 
Secchi and FI.  The inverse relationship of %Protein and RI could be a signature of photo-
bleaching (increased photo-oxidation could be associated with increased microbial production).  
The inverse relationship of secchi and FI supports the presence of microbial activity in the DOM 
pool because a higher FI is associated with microbial DOM, which would therefore increase 
turbidity and decrease secchi depth.  The strong relationship between DOC, Chl, and TN 
supports findings of Hohner (2011).  Furthermore, the inverse relationship between secchi depth 
and DOC, Chl, and TN again supports the hypothesis of a microbial DOM signature because 
increases in microbial production would again decrease secchi depth.     
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Figure 2: PCA containing DOC and FI characteristics, as well as DBP species.   
 
The PCA presented in Fig 2 is of the one-time lakes dataset, including the following variables: 
DO, Temp, pH, FI, %Protein, Secchi Depth, RI, DOC, DO, TP, TN, Chl, SUVA, HAA5, and 
TTHM.  PC1 explains 48% of the variation and PC2 explains 20%.   This PCA includes all water 
quality characteristics studied.  Lake profile data such as, DO and Temp are highly aligned.  This 
signifies that they are changing in response to each other.  For example, as temperature increases, 
this may increase microbial activity, therefore increasing DO concentration (a product of 
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photosynthesis).  These relationships may also influence the FI.  Furthermore, Chl, TP, and TN 
are closely aligned, as are DOC and TOC.  Secchi depth is inversely related to the lake profile 
data, again supporting a signature of microbial production, because secchi depth would decrease 
due to increased turbidity, potentially caused by microbial growth.  Lastly RI and % Protein are 
inversely related, perhaps a sign that photo-bleaching is impacting this relationship, increased 
oxidation could increase microbial production as well as decrease the Redox Index.   
Figure 3: Linear Regression of FI and Chlorophyll-a.  
 
In Figure 3 the adjusted r
2 
for FI and Chl is 0.5421 with a p-value of 3.44E-05.  Therefore, FI and 
Chl are significantly correlated; a sign that the FI may be influenced by Chlorophyll levels, and 
therefore that production of microbial DOM is an important process contributing to differences 
among the lakes.   
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Figure 4: Linear Regression of Chl vs. DOC 
 
Figure 4 shows there is also a relationship between FI and DOC.  Hohner (2011) found that Chl, 
DOC, TN, TP, and SUVA all had statistically significant r
2
 values in relation to DBP formation, 
with respect to DBP speciation.  For this study, FI, Chl, and TN, are important factors 
influencing DOC levels due to their influence on phytoplankton species and abundance, explored 
later in the study.  
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Figure 5: Linear Regression of TN and Chlorophyll-a.  
 
Time Series Data of Water Quality Characteristics  
Boulder Reservoir 
The following charts show the ranges of values of the data for Boulder Reservoir.  Chlorophyll a 
levels were relatively low, and DOC levels stayed within a small, consistent range.  There was 
little variation in FI, RI, and % Protein over the summer.    
Table 3: Summary of data ranges from Boulder Reservoir 
DOC mg/L Chl-a ug/L SUVA FI % Protein RI 
3.2 - 3.85 0 – 5.3 1.58 – 2.1 1.36 – 1.42 7% - 8% 0.395 – 0.414 
 
 
The use of PCA’s for the time series data may not be as appropriate as for the 28 lakes sampling 
due to smaller variation in the data.  However, understanding variation over the season can help 
interpret relationships at the height of the algal growing season, in the 28 lakes synoptic 
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sampling.  Note the length of the arrows is shorter for these plots, signifying weaker 
relationships, most likely due to the smaller sample size.    
Figure 6: PCA of all water quality characteristics studied in Boulder Reservoir. 
 
In, PCA of all the variables studied in Boulder Reservoir (Figure 6), PC1 explains 40% of the 
variation and PC2 explains 19%.  Based on the species scores, the primary drivers of PC1 are 
TN, %Protein, and Temp, indicators of nutrient loading corresponding to a microbial component 
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of DOM.  The primary driver of PC2 is Chl, perhaps showing the microbial source as a 
secondary driver in Boulder Reservoir. Strongly correlated r
2 
 values are TP and TN (.638), TN 
and % Protein (.693), DO and RI (.609).  Strongly negatively correlated are TN and RI (-.799), 
and Protein and RI (-.809).  Again the negative correlation between %Protein and RI supports an 
assumption that photo-oxidation is a driver of some of the DOM quality.  Based on the R
2
 
correlation coefficients below, moderate relationships exist between %Protein and DOC, DO and 
RI, and a strong inverse relationship between SUVA and FI.   
Figure 7: Linear Regression of SUVA and FI. 
 
Figure 7 shows that SUVA and FI are inversely related.  As SUVA goes up, the FI moves more 
towards a terrestrial signature.  This follows Hohner (2011) findings.  Based on other studies 
(Croue et al., 2000 and Archer et al., 2006), increases in SUVA are related to a more aromatic 
DOM signature, resulting in more DBP production, with respect to species.   
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Figure 8: Linear Regression of FI and Chl 
 
Figure 8 shows that there is not a relationship between FI and Chl in the Boulder time series 
data.  This could show that there is less of a microbial DOM signature over the course of the 
summer, versus at the height of the growing season when the 28 lakes were sampled.    
Figure 9: Bar Chart of Chlorophyll-a Levels in Boulder Reservoir 
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Figure 9 shows that chlorophyll peaked in May and August in Boulder Reservoir.  However, 
there is only a slight variation.  The August peak could be a sign of algal derived DOM at the 
height of the growing season, however, it is hard to explain the May peak.   
Figure 10: Line graph of FI over the summer in Boulder Reservoir.  
 
In Figure 10 it is again possible to see there is little variation in the FI, however, it does not 
follow expected trends.  For example, one would expect the FI to go up with time over the course 
of the summer, signifying microbial DOM production, rather than decrease.  Therefore, again, 
microbial DOM must not be a large component of Boulder Reservoir.   
Westminster Reservoir 
The following are results for Westminster Reservoir.  Again, like Boulder reservoir, DOC levels 
remained relatively consistent, chl-levels were fairly low, and there was little fluctuation in 
SUVA, FI, %Protein, and RI.   
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Table 4: Summary of Westminster data ranges 
 
DOC mg/L Chl- ug/L SUVA FI % Protein RI 
1.8 – 2.29 1.3 – 4.2 1.22 – 1.599 1.42 – 1.46 8% - 11% 0.371 – 0.398 
 
Figure 11: PCA water quality characteristics studied in Standley Lake, Westminster’s 
reservoir.  
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In Figure 11, PCA of Westminster Reservoir, PC1 explains 32% and PC 2 explains 28%.  Unlike 
the one time lake samples, Chl and FI appear to be negatively correlated, however in comparing 
chl levels and phytoplankton abundance with the 28 lakes, they are much lower which may show 
that there is less of a microbial DOM signature in Standley Lake.  DOC and Chl are aligned 
supporting trends found that increases in DOC result in increases in Chl.  However, unlike the 28 
lakes, %Protein and RI appear to be positively correlated.  Again this does not support 
relationships for microbial DOM production, also confirmed by negative correlations between 
Chl and RI (-.645) which is opposite to findings in Miller et al (2010) that signatures of summer 
microbial production result in increases in Chl and decreases in RI.  Furthermore, there is also a 
negative correlation between DO and Temp showing that DO could be responding to 
temperature as a physical response, rather than in response to microbial photosynthesis.  Further 
correlation coefficients show there are strong relationships between DO and Secchi (0.834), pH 
and Secchi (.816), SUVA and TTHMs (.693). 
Figure 12: Bar chart of chlorophyll-a levels over the summer in Standley Lake. 
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Figure 12 shows there is little variation chlorophyll-a levels in Standley Lake over the summer.   
As a result, it may be hard to draw significant conclusions about the relationships DOC and FI 
and the drivers of the DOM quality.  However, this may also show that the data from the one 
time sampling of the 28 lakes may be representative of most of the summer.   
Phytoplankton Results 
Phytoplankton species were separated into four categories: Cyanobacteria, Green Algae, and 
Diatoms. Rotifers were also identified.  Rotifers are not phytoplankton, but are included in the 
study because they are a part of the microbial community and graze on algae, therefore 
controlling their abundance.    Due to missing samples of the 28 lakes, only 12 were analyzed on 
the FlowCAM, and .  The following is a chart of the 12 lakes and the times series data of Boulder 
and Westminster Reservoirs and their respective %Biovolumes of each species.  Notice the four 
lakes with the highest %biovolume of cyanobacteria, were also in the category of the highest 
DOC levels (JK, PW, RC, NS).  
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Table 5: Chart of Phytoplankton %Biovolume 
Sample Cyanobacteria Green Algae Diatoms 
BD4 1.60 0.00 26.29 
WM4 0.00 0.00 32.05 
AN 0.00 0.05 21.69 
EM 8.63 0.13 7.21 
GB 28.24 0.00 2.06 
GR 55.23 0.00 23.89 
JB 46.90 0.00 0.44 
JK 92.74 0.01 0.08 
PW 85.88 0.01 0.76 
RC 94.71 0.00 1.72 
SB 0.00 0.00 5.77 
SK 8.15 0.00 47.43 
NS 72.49 0.28 0.75 
SC 13.07 0.02 5.28 
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Figure 13: Bar chart of %Biovolume of phytoplankton species 
 
Figure 13 shows that the 12 lakes contained much higher levels of cyanobacteria; the 
relationships between cyanobacteria and DBPs are significant and explored below.  This may 
also explain why the DOC and FI trends in Boulder and Westminster Reservoirs were less 
pronounced.   
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One Time Lake Sampling Phytoplankton Analysis 
Figure 14: PCA of the phytoplankton species in relation to FI components: FI, RI, and 
%Protein.  
 
As shown in Figure 14,  PC1 explains 53% and PC2 20%.  Chl, DOC, FI, and Cyanobacteria are 
all highly aligned with PC1.  These relationships will be further explored below ; earlier it was 
mentioned that Chl, DOC, and FI have been shown to influence DOM reactivity for DBP 
production (Hohner 2011), therefore the relationship with cyanobacteria is significant.    
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Figure 15: Bar chart of % biovolume of 14 lakes  
 
In Figure 15 it is clear that Cyanobacteria dominate the phytoplankton species.  Furthermore, 
high Cyanobacteria levels are also found in the lakes with the highest DOC levels, GR, JB, JK, 
PW, RC, and NS.  This chart does not include the time series data of Boulder and Westminster in 
order to help visualize the lakes with the highest %biovolumes.   
Figure 16: Bar chart of chlorophyll-a levels in 14 lakes 
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Figure 16 shows that again, the lakes with the highest Cyanobacteria levels, as well as DOC, are 
the same ones with the highest chlorophyll-a levels.  Therefore, the chlorophyll-a levels are 
highly influenced by cyanobacteria.  Hohner (2011) found that chlorophyll is related to DBP 
production, with respect to species, therefore, cyanobacteria most likely plays a role in DOM 
reactivity in the formation of DBPs.   
Figure 17: Linear regression of Cyanobacteria and DOC 
 
Figure 17 displays the very strong relationships between Cyanobacteria, the most abundant 
phytoplankton species in the study, and DOC;  r
2
 coefficient of 0.8601.   DOC is strongly 
correlated to DBP formation potential, therefore cyanobacteria may also be highly aligned with 
DBP formation, with respect to species.   
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Figure 18: Linear regression of chl-a and cyanobacteria 
 
 
Figure 18 displays a moderate to significant relationship between chl-a and cyanobacteria with 
an r
2 
of 0.44.  As mentioned earlier, Hohner (2011) found relationships of both DOC and Chl to 
the formation potential of DBPs with respect to species, therefore this again supports the 
relationship of cyanobacteria to formation potential of DBPs.   
Figure 19: Linear regression of Cyanobacteria and FI 
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Figure 19 shows a weak relationship between cyanobacteria and FI with an r
2
 of 0.298.  Due to 
the lower correlation value, there may be less of a direct relationship between phytoplankton 
species and FI.  However, based on these regressions, it is clear that Cyanobacterial populations 
largely contribute to DOC levels and they are also influencing chlorophyll-a levels.     
 
Figure 21: Linear regression of Chl and Cyanobacteria 
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Table 6: Phytoplankton %Biovolume Data for Boulder Reservoir 
SAMPLE Cyanobacteria Green Algae Diatoms Rotifer 
BD1 0.56 0.00 1.66 0.07 
BD2 0.00 0.02 8.27 33.76 
BD3 0.00 0.03 6.24 6.92 
BD4 1.60 0.00 26.29 3.61 
BD5 1.84 0.00 3.21 0.00 
BD6 1.96 0.00 0.98 0.00 
BD7 35.45 0.00 10.61 0.00 
BD8 26.73 0.00 0.07 0.14 
BD9 20.20 0.00 0.39 13.08 
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Figure 24: PCA of the phytoplankton species and FI components in Boulder Reservoir 
 
Figure 24: PC 1 explains 41% of the variation and PC 2 explains 26%.  Species scores show that 
PC1 is most likely driven by ABV, Cyanobacteria, Chl, and negatively by Secchi depth.  Species 
scores explain that PC2 is driven by the negative correlation between %Protein and RI.  
Correlation coefficients show there are strong relationships between ABV and Cyanobacteria 
(.601), Cyanobacteria and Chl (.748), ABV and Chl (.732), Secchi depth and Chlorophytes 
(.688), and negative correlations between Cyanobacteria and chlorophytes (-.949), Chl and 
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Chlorophytes (.771), Cyanobacteria and Secchi depth (-.738), and Proteien and RI (-.803).  
Furthermore, the inverse relationship between total average biovolume and secchi depth makes 
sense as turbidity would increase as abundance goes up, therefore decreasing secchi depth.  
Cyanobacteria and chlorophyll-a are aligned, thus cyanobacteria must contribute to the overall 
algal biomass, however, there is an inverse relationship with FI, so the DOM quality in Boulder 
reservoir may not be dominated by microbial quality.   
Figure 25: Bar chart of phytoplankton species in Boulder Reservoir 
 
Figure 25: Phytoplankton species abundance over the summer shows there is a bloom of rotifers 
in early June, followed by a peak of cyanobacteria in August with a steady decline through 
September.  The bloom of algal grazing rotifers could explain why there is less cyanobacteria 
production in the early part of the summer.   
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Figure 26: Line graph of chlorophyll a levels  over the summer in Boulder Reservoir 
 
Figure 26: There is a clear decrease in chlorophyll-a levels during the rotifer bloom, and an 
increase during the cyanobacterial bloom.   
Westminster Phytoplankton Species Data 
Table 7: Phytoplankton %Biovolume Data for Westminster Reservoir 
SAMPLE Cyanobacteria Green Algae Diatoms Rotifer 
WM1 0.26 18.63 0.00 1.7 
WM2 0.00 25.50 0.00 1.2 
WM3 0.00 29.18 0.00 1.4 
WM4 0.00 32.05 0.00 2.2 
WM7 0.00 30.70 0.00 1.3 
WM8 0.00 7.32 0.00 2.6 
WM9 0.01 2.53 0.00 2.0 
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Figure 30: PCA of the phytoplankton species and FI components in Westminster 
Reservoir.  
 
Figure 30: PCA of Phytoplankton Average Biovolume Species Abundance in Standley Lake 
(Westminster).  PC1 explains 51% of the variation and  PC2 explains 30%. There are strong 
correlations, which will be explored through further linear regressions below, between ABV and 
%Protein (.797), Cyanobacteria and FI (.645), Chl and %Protein (.673), RI and Secchi (.883).  
There are also  strong negative correlations between Chl and FI (-.695), chl and Secchi (-.672), 
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ABV and secchi (-.837) and ABV and RI (-.786).  The relationships between Cyanobacteria and 
FI, as well as Chl and %Protein again support the notion of algal derived DOM, as well as an 
inverse relationship of Chl and Secchi depth, as well as ABV and RI.  Here cyanobacteria is 
aligned with FI, but inversely related to DOC.   
Figure 31: Bar chart of phytoplankton species abundance in Westminster  
 
Figure 31: Green algae were the most abundant species in Westminster.  There was a steady 
bloom from May to August, followed by a sharp decrease at the end of August.   
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Figure 32: Line graph of chlorophyll-a in Westminster Reservoir 
 
Figure 329: Although the steady bloom above is not entirely reflected in the chl-a time series, the 
sharp decrease in green algae is apparent in the line graph.   
 
The lack of significant noticeable change in the data sets of the time series of both Boulder and 
Westminster Reservoir can support the strength of the data of the 28 lakes that were sampled 
once at the height of the algal growing season.   
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Figure 35: Line graph of Total Particle Count vs. Average Biovolume 
1.  
Figure 35: Clear trends in total particle count and average biovolume, thus most of the 
particles in the samples were biotic plankton, versus detritus.  FlowCAM Images:  
 
     
 
Image 1: Filamentous Cyanobacteria from Prewitt Reservoir with heterocysts, point of 
nitrogen fixation.  
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Image 2: More filamentous cyanobacteria, from Jumbo Reservoir.  
 
Image 3: Pediastrom green algae from North Sterling reservoir.   
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Image 4: Filamentous Cyanobacteria from Boulder Reservoir, with nitrogen fixation 
heterocyst in second filament.   
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Image 5: Diatoms from Standley Lake.  Asterienella is the pinnate diatom, mellaseira is the 
series of rectangular diatoms, and the rest are centric diatoms.   
 
Chapter 4 Discussion 
DOC and FI components  
In the 28 lakes analyzed for relationships between DOC and FI components, there were direct 
relationships between DOC, Chl, FI, and TN which also support findings by Hohner (2011).  
These results support that lakes with more abundant algal biomass have DOM with a   greater 
microbial signature.  In Boulder reservoir, these relationships were less direct.  The trends were 
not similar as there was no clear relationship between chl and FI.  However, chlorophyll levels 
are lower than in the 28 lakes, thus the lack of microbial signature in the DOM quality may be a 
result of the low algal activity.  In the Westminster samples, again the relationships were not as 
direct as the 28 lakes, and trends appeared to be opposite.  Chl was inversely related to FI, and % 
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Protein and RI were positively correlated.  Chlorophyll levels are low, again supporting why the 
DOM quality may not be microbial.  Furthermore the smaller variation in the data set could 
provide support for the one time ‘snap shot’ of the 28 lakes as a representative sample of the 
summer concentrations.    
Phytoplankton Analysis 
The most abundant species found in the study are Cyanobacteria, Diatoms, and Green 
Algae.   In the samples with the highest chlorophyll a concentrations the phytoplankton 
community was dominated by filamentous cyanobacteria.  In the 14 lakes (12 lakes including 
BD and WM sampled at the same time as the synoptic sampling) DOC levels were correlated to 
chlorophyll levels, cyanobacteria, and overall average biovolume of phytoplankton species.  
Cyanobacteria and DOC levels were highly correlated with an r2 = 0.8601.  Therefore, because 
DOC levels are linked to DBP formation, with respect to species, cyanobacteria may also be 
highly correlated.  Cyanobacteria also had a significant r2 = 0.7254 with TTHM DBP species, 
whereas an r2 = 0.364 for HAA5s.  Therefore, cyanobacteria may influence the formation of 
TTHMs more than HAA5s, however, this may also be dependent on other DOM quality 
characteristics.   
In Boulder Reservoir, there was a June peak of algal grazing rotifers, and an August peak 
of cyanobacteria.  These trends are also seen in the chlorophyll-a levels with a peak in August 
during the cyanobacterial bloom.  Chl-a was correlated with HAA5s, r2 = 0.525, diatoms with 
HAA5 with an r2= 0.213 and Green algae and TTHMS r2=0.303.  Thus, each algal species may 
affect the DOM quality and reactivity in a different way, therefore influencing the formation of 
varying DBP species.   
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In Westminster samples, green algae were the most abundant, with a steady increase 
throughout the season and a sharp decline at the end of August.  This trend is also supported in 
the chlorophyll-a time series.  Green algae also had a relationship to TTHMs, r2 = 0.283.   
Chapter 5 Conclusions and Implications 
In conclusion, DOM quality is strongly related to nutrient loading and algal growth in 
Colorado lakes and reservoirs.  Lower RI values are observed in low DOC lakes and may reflect 
photo-bleaching and could be less reactive in terms of chlorination which might influence DBP 
production.  The 28 lakes spanned a wide range of topographies across Colorado.  It is known 
that  DOM quality is  largely influenced by what flows into the lakes, as well as what is going on 
within the lakes.   Nutrient regulation in the state of Colorado has been growing since the early 
80’s (CDPHE 2011).  In March 2012, the state Commission has adopted new regulations which 
will be implemented in May 2012.  As part of this plan, chlorophyll will be regulated in Direct 
Use Water Supply reservoirs as a criterion for DBP precursor material. 
The results of this study can help drinking water utilities in planning and adapting to 
longer summers and a warming more variable climate.  Longer periods of ice-free conditions 
could promote the growing season for algal derived DOM, a known contributor to DBP 
precursor material.  Research also suggests that long-term application of Miller et. al, L&O 2009 
model for algal DOM production could be further developed to predict DOM concentrations and 
quality in CO lakes and reservoirs. 
The key findings of this study were: 
- DOM is strongly linked to nutrient loading and algal production in Colorado lakes. 
- Cyanobacteria is strongly linked to DOC levels in Colorado lakes.  
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- Cyanobacteria may be a key phytoplankton species as a DBP precursor.   
According to Kraus et al (2011) despite the large prevalence of DBPs, few studies have at 
the sources and processes of DBP precursor material; most studies have focused on the net 
changes in precursor material.  Thus more studies such as this one could aid in understanding not 
only DBP precursor material, but also how a changing climate may impact this.  For example, 
implications of longer summers, earlier ice-outs, longer periods of increased ice-free conditions, 
increased sunlight and photo-oxidation, earlier snow-melt, etc.  Furthermore, during drought 
years, with a small snowpack, reservoir storage may become increasingly important over longer 
durations of time.  Therefore, it is important to understand how storage of water impacts its 
quality overtime.  
Understanding how each phytoplankton species impacts algal derived DOM could help 
provide targeted approaches for water utilities in maintaining storage water quality in lakes and 
reservoirs.  For example, this study found Cyanobacteria to be strongly correlated to DOC levels, 
thus a clear link to the formation potential of DBPs.  However, algal species produce varying 
amounts of DOC on a continual time-scale so further research into the relationships between the 
species and DOC levels could provide more insight into these relationships.  The hope is that this 
study can provide a coarse approach for which future research can build on.   
Chapter 6: Future Research 
Further studies on the quality of water in storage such as lakes and reservoirs may 
become increasingly important in coming years.  For this study and future studies, isotopic 
analysis, humic analyses and dissolved inorganic carbon (DIC) could aid in additional 
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information on DOM processing.  In order to confound other studies such as Kraus et al (2011), 
winter sampling and analysis of DOM quality could be completed to see if there is a net sink due 
to fall-winter degradation.  Furthermore, detailed information about each lake or reservoir could 
provide valuable information on sources of nutrients and DOM upstream.  For example, 
agricultural activity, waste-water treatment plants, direct snow-fed streams, etc.  Additionally 
DOM analysis from a series of depths could provide additional information on DOM processing.  
Lastly, no information was collected on the date of ice-out in the lakes which would also impact 
the timing and growth of in-situ DOM from algal activity and provide useful insight into future 
impacts of climate change.  Also, a Redundancy Analysis (RDA) statistical analysis could also  
help provide more targeted information on which variables are the strongest drivers of the DOM 
quality.   
Furthermore, certain algal species may influence the reactivity of DOM and therefoe 
result in certain DBP species.  Thus, application of this technique to other DBP species, such as 
HAN could be useful.  Additionally, phytoplankton species are depending on nutrient levels, lake 
characteristics such as temp, DO, pH, as well as light attenuation, etc.  Therefore, varying 
physical conditions will result in the presence of various phytoplankton species.  This 
information could provide insight into water treatment utilities for target removal of certain algal 
species known to react with DOC to influence DBP formation.   Therefore for drinking water 
utilities, regular monitoring of algal species, specifically cyanobacteria, could be useful in 
decreasing the abundance of TTHMs and HAA5s.   
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Chapter 8: Tables and Appendices 
 
Table 8:  Lake Profile Data used in DOC/FI component comparison:  
 
Sample Chl  DOC FI RI Protein TN TP SUVA  SECCHI 
BD5 2.2 3.85 1.4 0.394759 0.08 19.91 0.43 1.584 1.2 
WM5 2.9 2.22 1.45 0.38028 0.09 11.56 0.25 1.599 4.0 
EM 2.5 3.38 1.43 0.398983 0.09 24.58 0.70 1.490 5.10 
GR 2.6 3.55 1.29 0.425079 0.05 10.50 0.18 2.986 3 
JB 26.1 6.56 1.59 0.382658 0.08 71.15 1.75 1.540 0.60 
JK 43.5 7.74 1.61 0.41365 0.11 82.67 4.07 1.124 0.8 
PW 8.2 6.68 1.57 0.408013 0.10 109.39 3.01 1.475 0.50 
RC 15.4 8.01 1.47 0.434054 0.07 141.58 8.78 2.532 1.91 
SK 0.3 2.15 1.39 0.413925 0.06 56.18 0.08 2.726 4.00 
NS 14.5 5.55 1.57 0.387187 0.09 99.00 6.10 1.477 1.5 
HE 27.9 5.52 1.53 0.428936 0.08 62.05 2.62 1.286 0.3 
JM 21.5 4.29 1.51 0.410844 0.07 44.57 1.56 1.935 0.6 
LT 0.7 4.32 1.38 0.393778 0.07 20.34 0.17 1.921 2.5 
RW 0.7 2.05 1.4 0.3162 0.22 9.49 0.19 1.951 2.7 
TE 0.4 1.78 1.35 0.402951 0.06 9.89 0.03 2.700 4 
TQ 0.7 3.33 1.28 0.396517 0.12 13.32 0.03 3.303 4 
GS5 10.8 7.47 1.35 0.44448 0.04 34.74 1.06 3.159 1.6 
FG 19.2 8.1 1.47 0.39198 0.08 1.332 0.038 2.007 0.6 
CR 2.3 3.8 1.34 0.383897 0.10 0.272 0.008 1.775 5.025 
CH 2.0 3.4 1.41 0.397831 0.08 0.243 0.007 1.936 1.5 
CC 14.8 5.9 1.48 0.344571 0.16 0.749 0.059 1.583 1.5 
BR 12.0 7.9 1.63 0.423721 0.09 1.575 0.415 1.360 0.6 
BM 0.2 2.6 1.38 0.315559 0.23 0.192 0.004 2.314 4.5 
BE 3.6 4.6 1.41 0.407088 0.05 0.536 0.024 2.508 3.15 
ACD 16.8 4.9 1.54 0.400117 0.10 0.569 0.039 1.196 0.7 
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Table 9: Lakes Data for Phytoplankton/DBP analysis 
Sample Chl DOC FI TOC HAA5 TTHM Cyano GreenAlgae Diatoms Rotifer 
BD4 1.9 3.48 1.41 3.94 58.1 109.65 1.60 0.00 26.29 3.61 
WM4 1.4 2.21 1.44 2.51 25.8 73.39 0.00 0.00 32.05 0.00 
EM 2.5 3.38 1.43 3.92 41.2 99.2 8.63 0.13 7.21 3.69 
GR 2.6 3.55 1.29 4.04 143.24 167.75 55.23 0.00 23.89 4.20 
JB 26.1 6.56 1.59 7.25 65.0 307.2 46.90 0.00 0.44 0.00 
JK 43.5 7.74 1.61 10.40 103.95 297.3 92.74 0.01 0.08 0.14 
PW 8.2 6.68 1.57 9.84 65.0 272.4 85.88 0.01 0.76 0.00 
RC 15.4 8.01 1.47 11.50 98.972 223.4 94.71 0.00 1.72 0.00 
SK 0.3 2.15 1.39 7.27 57.32 72.193 8.15 0.00 47.43 0.00 
NS 14.5 5.55 1.57 8.24 59.5 268.7 72.49 0.28 0.75 1.41 
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Table 10: Boulder Reservoir Data 
Sample Date 
Chl-
a  DOC FI RI Protein TOC TN TP 
BD1 5/11/2010 5.17 3.26 1.42 0.41 0.07 3.90 0.25 0.02 
BD2 6/1/2010 0.00 3.47 1.39 0.41 0.07 3.89 0.22 0.01 
BD3 6/15/2010 0.90 3.48 1.40 0.40 0.08 3.94 0.24 0.01 
BD4 7/6/2010 1.94 3.48 1.41 0.40 0.08 3.94 0.25 0.02 
BD5 7/19/2010 2.21 3.85 1.40 0.39 0.08 4.21 0.28 0.01 
BD6 8/4/2010 2.25 3.20 1.39 0.40 0.07 4.08 0.27 0.02 
BD7 8/17/2010 3.81 3.60 1.38 0.41 0.08 4.13 0.24 0.01 
BD8 9/13/2010 3.11 3.48 1.36 0.41 0.07 6.60 0.23 0.01 
 
Sample SUVA  HAA5s TTHMs  PH   DO  SECCHI 
 
TEMP  
BD1 1.72 71.60 111.50 8.19 9.16 0.7 12.1 
BD2 1.76 45.60 116.10 8.25 7.94 1.46 19.23 
BD3 1.73 31.50 106.90 8.19 7.47 3.65 19.18 
BD4 1.87 58.10 109.65 8.28 7.09 1.9 24.49 
BD5 1.58 48.69 107.74 8.41 7.34 1.2 24.81 
BD6 1.93 40.42 117.32 8.38 7.66 1.45 23.62 
BD7 1.98 57.91 111.95 8.44 8.59 0.8 18.21 
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Table 11: Data from Westminster Reservoir (Standley Lake) 
WM1 5/17/2010 1.52 1.80 1.46 0.39 0.08 2.39 0.17 0.01 
WM2 6/8/2010 1.7 2.14 1.43 0.399 0.08 2.66 0.172 0.0025 
WM3 6/22/2010 1.2 1.93 1.44 0.39 0.08 2.17 0.158 0.0056 
WM4 7/6/2010 1.4 2.21 1.44 0.388 0.08 2.51 0.178 0.0041 
WM5 7/192010 2.9 2.22 1.45 0.38 0.09 2.41 0.162 0.0076 
WM6 8/3/2010 1.7 2.03 1.45 0.37 0.09 2.49 0.164 0.0058 
WM7 8/17/2010 2.2 2.29 1.42 0.371 0.10 2.20 0.147 0.0049 
WM8 9/1/2010 1.3 2.10 1.44 0.371 0.09 2.22 0.155 0.0151 
WM9 9/1/2010 2.6 1.93 1.43 0.373 9.98 2.24 0.162 0.0060 
WM10 9/13/2010 4.2 1.96 1.46 0.374 11.33 1.89 0.170 0.0095 
 
WM1 1.22 21.40 51.30 8.40 9.24 5.25 12.39 
WM2 1.953 23.2 77.1 8.46 8.31 5.5 19.91 
WM3 1.401 27.64 74.452 8.52 7.96 5.5 23.37 
WM4 1.715 25.8 73.39 8.51 7.28 4.0 24.00 
WM5 1.599 27.5 66.9 8.63 7.50 4.0 22.96 
WM6 1.606 21.368 62.58 8.30 6.73 3.5 22.10 
WM7 1.507 23.272 61.97 8.03 6.81 2.5 20.45 
WM8 1.58 25.291 59.596 8.13 7.38 3.3 19.00 
WM9 1.78 23.0 62.0 8.03 6.81 2.5 20.45 
WM10 1.61 23.6 63.7 8.13 7.38 3.3 19.00 
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Table 12: R
2 
Correlation Coefficients from PCA for 28 Lakes  
 
Chl DOC FI RI Protein TOC TN TP 
Chl 1 0.831859 0.729988 0.419716 -0.29199 0.732551 0.826897 0.488602 
DOC 0.831859 1 0.596395 0.430178 -0.25365 0.871487 0.90528 0.598517 
FI 0.729988 0.596395 1 0.115621 0.02127 0.617893 0.798403 0.632022 
RI 0.419716 0.430178 0.115621 1 -0.88858 0.465353 0.358042 0.32053 
Protein -0.29199 -0.25365 0.02127 -0.88858 1 -0.26865 -0.1868 -0.08256 
TOC 0.732551 0.871487 0.617893 0.465353 -0.26865 1 0.882895 0.579409 
TN 0.826897 0.90528 0.798403 0.358042 -0.1868 0.882895 1 0.716526 
TP 0.488602 0.598517 0.632022 0.32053 -0.08256 0.579409 0.716526 1 
SUVA -0.5457 -0.34367 -0.79889 0.085232 -0.17946 -0.27862 -0.47407 -0.32412 
HAA5s 0.089398 0.46369 -0.30926 0.264421 -0.21983 0.376681 0.19408 0.053717 
TTHMs 0.676585 0.858521 0.449164 0.383752 -0.20241 0.726643 0.733825 0.519586 
PH 0.407571 0.435913 0.701266 0.043974 0.122055 0.383753 0.524153 0.576014 
DO 0.397587 0.350806 0.408884 -0.06916 0.094949 0.226813 0.262426 -0.0781 
SECCHI -0.74353 -0.65516 -0.70647 -0.2125 0.086191 -0.61724 -0.67182 -0.36081 
TEMP 0.452118 0.348398 0.61645 0.048585 -0.02094 0.461744 0.409451 0.183737 
 
 
         
 
SUVA HAA5s TTHMs PH DO SECCHI TEMP 
Chl -0.5457 0.089398 0.676585 0.407571 0.397587 -0.74353 0.452118 
DOC -0.34367 0.46369 0.858521 0.435913 0.350806 -0.65516 0.348398 
FI -0.79889 -0.30926 0.449164 0.701266 0.408884 -0.70647 0.61645 
RI 0.085232 0.264421 0.383752 0.043974 -0.06916 -0.2125 0.048585 
Protein -0.17946 -0.21983 -0.20241 0.122055 0.094949 0.086191 -0.02094 
TOC -0.27862 0.376681 0.726643 0.383753 0.226813 -0.61724 0.461744 
TN -0.47407 0.19408 0.733825 0.524153 0.262426 -0.67182 0.409451 
TP -0.32412 0.053717 0.519586 0.576014 -0.0781 -0.36081 0.183737 
SUVA 1 0.522923 -0.1383 -0.69389 -0.51584 0.553284 -0.65215 
HAA5s 0.522923 1 0.535028 -0.21466 0.046988 0.077964 -0.1867 
TTHMs -0.1383 0.535028 1 0.204407 0.230228 -0.51873 0.086967 
PH -0.69389 -0.21466 0.204407 1 0.407511 -0.52163 0.494391 
DO -0.51584 0.046988 0.230228 0.407511 1 -0.62019 0.61924 
SECCHI 0.553284 0.077964 -0.51873 -0.52163 -0.62019 1 -0.64529 
TEMP -0.65215 -0.1867 0.086967 0.494391 0.61924 -0.64529 1 
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Table 13: R
2 
Correlation Coefficients from PCA for Boulder Reservoir  
 
Chl DOC FI RI Protein TN SUVA DO SECCHI 
Chl 1 -0.06882 0.044114 -0.08811 0.151118 0.409757 0.25869 0.267325 -0.48323 
DOC -0.06882 1 -0.16925 -0.43665 0.678397 0.191385 -0.32929 -0.35498 0.033729 
FI 0.044114 -0.16925 1 -0.201 0.217072 0.341755 -0.71184 0.087093 0.298554 
RI -0.08811 -0.43665 -0.201 1 -0.67291 -0.72945 0.255674 0.783226 -0.49752 
Protein 0.151118 0.678397 0.217072 -0.67291 1 0.275276 -0.27894 -0.40364 0.436172 
TN 0.409757 0.191385 0.341755 -0.72945 0.275276 1 -0.41478 -0.33434 0.052428 
SUVA 0.25869 -0.32929 -0.71184 0.255674 -0.27894 -0.41478 1 0.074073 -0.33147 
DO 0.267325 -0.35498 0.087093 0.783226 -0.40364 -0.33434 0.074073 1 -0.65494 
SECCHI -0.48323 0.033729 0.298554 -0.49752 0.436172 0.052428 -0.33147 -0.65494 1 
 
Table 14: R
2 
Correlation Coefficients from PCA for Westminster Reservoir  
 
Total Cyano Chloro Diatom Chl DOC Protein RI FI SECCHI 
Total 1.000 -0.561 -0.119 0.314 0.438 0.382 0.797 -0.786 -0.448 -0.837 
Cyano -0.561 1.000 0.695 -0.570 -0.171 -0.646 -0.168 0.394 0.645 0.381 
Chloro -0.119 0.695 1.000 -0.856 0.421 -0.761 0.253 0.035 0.339 -0.063 
Diatom 0.314 -0.570 -0.856 1.000 -0.158 0.942 0.083 -0.274 -0.486 -0.311 
Chl 0.438 -0.171 0.421 -0.158 1.000 0.099 0.673 -0.436 -0.695 -0.672 
DOC 0.382 -0.646 -0.761 0.942 0.099 1.000 0.128 -0.232 -0.660 -0.404 
Protein 0.797 -0.168 0.253 0.083 0.673 0.128 1.000 -0.892 -0.472 -0.904 
RI -0.786 0.394 0.035 -0.274 -0.436 -0.232 -0.892 1.000 0.428 0.883 
FI -0.448 0.645 0.339 -0.486 -0.695 -0.660 -0.472 0.428 1.000 0.566 
SECCHI -0.837 0.381 -0.063 -0.311 -0.672 -0.404 -0.904 0.883 0.566 1.000 
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Table 15: R
2 
Correlation Coefficients for one-time sampling FI, DOC, Phytoplankton Analysis 
 
Chl DOC FI RI Protein 
Chl 1.000 0.937 0.765 -0.080 0.573 
DOC 0.937 1.000 0.709 0.137 0.494 
FI 0.765 0.709 1.000 -0.458 0.844 
RI -0.080 0.137 -0.458 1.000 -0.395 
Protein 0.573 0.494 0.844 -0.395 1.000 
Cyanobacteria 0.714 0.817 0.444 0.372 0.183 
GreenAlgae 0.179 0.086 0.290 -0.346 0.280 
Diatoms -0.932 -0.899 -0.886 0.137 -0.717 
Rotifer -0.196 -0.243 -0.470 0.073 -0.189 
 
 
 
Cyanobacteria GreenAlgae Diatoms Rotifer 
Chl 0.714 0.179 -0.932 -0.196 
DOC 0.817 0.086 -0.899 -0.243 
FI 0.444 0.290 -0.886 -0.470 
RI 0.372 -0.346 0.137 0.073 
Protein 0.183 0.280 -0.717 -0.189 
Cyanobacteria 1.000 0.182 -0.743 -0.184 
GreenAlgae 0.182 1.000 -0.211 0.422 
Diatoms -0.743 -0.211 1.000 0.341 
Rotifer -0.184 0.422 0.341 1.000 
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Table 16: R
2 
Correlation Coefficients for 12 lake phytoplankton DBP analysis. 
 
Cyanobacteria GreenAlgae Diatoms Rotifer HAA5s TTHMs 
Chl 0.714 0.179 -0.932 -0.196 0.424 0.924 
DOC 0.817 0.086 -0.899 -0.244 0.556 0.941 
FI 0.444 0.290 -0.886 -0.471 -0.081 0.688 
RI 0.372 -0.346 0.137 0.074 0.694 0.037 
Protein 0.183 0.280 -0.717 -0.191 -0.213 0.430 
Cyanobacteria 1.000 0.182 -0.743 -0.183 0.740 0.864 
GreenAlgae 0.182 1.000 -0.211 0.422 -0.193 0.170 
Diatoms -0.743 -0.211 1.000 0.342 -0.349 -0.892 
Rotifer -0.183 0.422 0.342 1.000 0.112 -0.185 
HAA5s 0.740 -0.193 -0.349 0.112 1.000 0.589 
TTHMs 0.864 0.170 -0.892 -0.185 0.589 1.000 
 
Appendix:  Phytoplankton DBP Relationships 
28 Lakes: 
Figure 20: PCA of phytoplankton species, FI components, and DBP species 
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In Figure 20, PC1 explains 53% of the variation in the data and PC2 explains 20%.  The PCA of 
the phytoplankton species with the DBP data explores the relationships between the most 
abundant algal groups, and the two DBP species analyzed in this study.  These relationships, 
though a bit coarse, could aid in understanding the influence that specific algal groups have on 
the reactivity of the DOM pool, and therefore DBP species specific production.  Relationships, 
which will be further explored below by linear regressions below, exist between Chl and 
Cyanobacteria, Chl and TTHM, DOC and Cyanobacteria, DOC and TTHM, FI and 
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Cyanobacteria, FI and TTHM, RI and HAA5.  Significant relationships exist between 
Cyanobacteria and Chl (r2=0.4259), Cyanobacteria and TTHM (r
2
 =0.724) and Cyanobacteria 
and HAA5 (r
2
 = .364).   
Figure 22: Linear regression of cyanobacteria and HAA5s 
 
Figure 22 displays a relationship between Cyanbacterial levels and HAA5s, therefore the 
presence of cyanobacteria may impact DOM reactivity in the formation of HAA5s.   
 
Figure 23: Linear regression of cyanobacteria and TTHMs 
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Figure 23 shows a very strong relationship between the presence of cyanobacteria and the 
formation of TTHMs.  According to these results, Cyanobacterial blooms may influence the 
production of both TTHMs and HAA5s.  This finding is further supported by the alignment of 
Cyanobacteria with DOC and Chl in the PCA above, as well as findings by Hohner (2011) in 
trends of DOC and Chl influencing DBP formation potential.     
Boulder Reservoir: 
Figure 27: Linear regression of chlorophyll-a and HAA5s 
y = 2.0727x + 92.464 
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Figure 27 shows a clear relationship of chlorophyll-a to HAA5 formation, as also found in 
Hohner (2011).   
 
 
Figure 28: Linear regression of Diatoms and HAA5s 
 
Figure 28 displays a relationship of diatoms with the formation of HAA5s, r
2 
= .2138.   
Figure 29: Linear regression of Cyanobacteria and TTHMs 
y = 5.4381x + 38.737 
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Figure 29 shows another small but noteworthy relationship between cyanobacteria and TTHMs 
r
2
 = 0.303. Therefore, Cyanbacterial blooms in Boulder reservoir may potentially contribute to 
the formation of TTHMs.   
Westminster (Standley Lake): 
Figure 33: Linear regression of Chl vs. HAA5.   
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Figure 33: Chl-a may influence HAA5 production in Standley Lake; r
2
= 0.3189.  This supports 
findings by Hohner (2011) of relationships of Chl-a and DBP production.   
Figure 34: Linear regression of Green Algae vs. TTHM 
 
Figure 34: The r
2
 coefficient of 0.2837 shows that green algae may have a small relationship to 
the formation of TTHMs in Westminster Reservoir.  In general, these linear regressions show 
that overall Chl levels may be related to HAA5 formation, and Green Algae may have a more 
direct relationship with the formation of TTHMs in Standley Lake.   
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